Background
Acute pancreatitis (AP) is a common disease of the gastrointestinal tract, with a serious potential to burden the patient with physical, emotional, and economic problems [1, 2] . The reported case fatality rate for AP has gone down over time; however, the overall population mortality rate has not meaningfully changed [1] .
AP is typically characterized by edema and inflammatory infiltration. However, it might also manifest with necrosis and hemorrhage in severe cases [3] . A full recovery is usually expected in the vast majority of the cases that show a non-complicated progress. However, the disease progress into the severe form in 15-20% of cases. This severe form is called necrotizing pancreatitis and might exhibit a mortality rate as high as 30% [4, 5] .
There are still debates over the exact mechanism of pancreatitis, which remains a complex disease. Injured pancreatic acinar cells pave the way for a series of complex events, including increased generation of reactive oxygen species (ROS) [6] . Polyunsaturated fatty acids, which are abundantly present in the mitochondrial membrane and in the plasma membrane, are easily targeted by ROS. A reaction between these acids and ROS (especially hydroxyl free radicals) causes lipid peroxide formation, resulting in membrane disintegration and pancreatic necrosis [7] .
Silybin is a flavonolignan that accounts for 60% of silymarin. As a major active agent, it exerts antioxidant effects by inhibiting formation of radicals, scavenging free radicals, and hampering lipid peroxidation of membranes and thereby controlling membrane permeability, and causing increased intracellular content of scavenger [8] . In several hepatoxicity models, it was shown to provide protection against oxidative peroxidation of cells [9, 10] . Moreover, it was reported to prevent severe hepatic failure and save lives when administered within 48 h after Amanita phalloides mushroom poisoning in humans [11] .
The aim of the present study was to investigate the potential effect of silybin on AP, considering its experimentally and clinically proven antioxidant effects on hepatic diseases.
Material and Methods
This study was undertaken with approval of the local ethics committee. It was performed at the Experimental Animals and Research Laboratory of the Faculty of Medicine of Dicle University (Diyarbakir, Turkey). All the animals were provided with proper care in accordance with the Principle of Laboratory Animal Care formulated by the National Society for Medical Research.
Forty female Wistar albino rats weighing 200-250 g were included in the study. The animals were fed with standard rat chow and tap water ad libitum. They were maintained in a 12-h light/dark cycle at 21°C for 1 week prior to the study. They were placed on restricted food intake with no restriction on water intake 12 h before the induction of anesthesia.
AP was induced by 2 injections of 250 mg/100 g of L-arginine (Sigma Chemical, St. Louis, MO, USA) prepared with 20% 0.15 M NaCl and administered via intraperitoneal (i.p.) route at 1-h intervals [12] .
As in the previously reported studies, 528.5 mg of silybin (Legalon ® SIL, Madaus Co., Koln, Germany) was dissolved in 35 ml of 0.9% NaCL+5% dextrose water (D5SN) and administered at a single dose of 100 mg/kg by i.p. injection [13] .
The rats were anesthetized with 50 mg/kg of ketamine hydrochloride (Ketalar ® Pfizer, Istanbul) and 5 mg/kg of xylazine hydrochloride (Rompon ® Bayer, Sisli, Istanbul) administered via intramuscular (i.m.) route under aseptic conditions. With the rats placed in the spine position, the anterior abdominal wall was shaved, and povidone iodine antiseptic was applied. The rats were divided into 5 groups, each consisting of 8 subjects.
Groups
After 7 days of acclimatization, the rats were divided into 5 groups (n=8 per group). The LA group received 2 i.p. injections of L-arginine 1 h apart. The SLLA group received a single i.p injection of silybin at a dose of 100 mg/kg body weight 60 min before the induction of AP with L-arginine, whereas the LASL group received the same dose of silybin after the second injection of L-arginine. The SL group received a single i.p. injection of silybin at a dose of 100 mg/kg body weight. Lastly, group C served as the control group and received 2 i.p. injections of physiological saline 1 h apart.
Biochemical and histopathological analyses
Blood samples were taken from the rats following cardiac puncture to measure amylase, TAS, and TOS levels. These samples were placed in ice and transported to the Biochemistry Laboratory, where they were centrifuged at 3000 rpm for 3 min for separation. Laparotomy was performed in the rats to remove the pancreatic tissue.
The pancreatic tissue samples were fixed in 10% neutral buffered formalin solution for histopathological analysis. The microscopic sections were stained with hematoxylin-eosin. All histopathological analyses were performed under light microscopy in a blinded manner by the same pathologist (I.I.). Edema, acinar cell necrosis, hemorrhage, and inflammation were histopathologically evaluated in the pancreas ( Figure 1 ). Histopathological evaluations were performed using the scoring system described by Spormann et al. [14] .
Amylase levels were measured on an Architect C 16000 device manufactured by Abbott, using the original Abbott kits.
TAS and TOS levels were measured with the Abbott Architect C16000 auto analyzer (Illinois, USA) using the commercially available kits (Relassay, Turkey). The automated colorimetric measurement methods developed by Erel were employed for TAS and TOS measurements [15, 16] . The ratio of TOS to TAS was accepted as OSI. TAS levels were converted to μmol Trolox Eq/L. OSI was calculated using the following formula:
Statistical analyses
All statistical analyses were performed using SPSS 18.0 for Windows. Data are expressed as means and standard deviations (SD). Multiple comparisons among groups were performed by means of the Kruskal-Wallis test and the Mann-Whitney U test. Statistical significance was determined using two-tailed tests. A p value smaller than 0.05 was considered statistically significant.
Results
One of the rats in the Group LA died before the procedure. As a result, 39 rats were operated on in this study. The SL group exhibited no significant alterations in the measured parameters in comparison to the control group.
The results of the biochemical analyses are demonstrated in Table 1 . The highest amylase level was observed in the LA group (1396±1154 IU/ml). There was a significant difference between the LA group and the control group in amylase levels (p=0.008). TOS and OSI levels were significantly elevated in the LA group compared to the SLLA and LASL groups (p=0.001 and p=0.005, respectively). The highest TAS level was detected in the LASL group (0.87±0.25 µm H 2 O 2 equivalent/L) and the lowest in the LA group (0.57±0.10 µm H 2 O 2 equivalent/). TAS levels in the SLLA and LASL groups were significantly higher than those in the LA group (p=0.001 and 0.003, respectively).
The histopathological analyses revealed that edema, perivascular inflammation, and necrosis scores, as well as total scores, were highest in the LA group. All the scores except for hemorrhage score were significantly higher in the LA group compared to the control group (p=0.001). The histopathological evaluations demonstrated that perivascular inflammation and necrosis scores as well as total scores were significantly lower in the SLLA group than in the LA group (p=0.004, p=0.011 and p=0.007, respectively). Detailed analyses of the scores are demonstrated in Table 1 . Total scores and perivascular inflammation scores were significantly lower in the SLLA group than in the LASL group (p=0.012 and p=0.044, respectively).
Discussion
Although it has long been a prominent subject of research, pancreatic inflammation still lacks a through pathogenetic explanation and a specific treatment strategy. Today, common therapeutic approaches used for AP include enteral and parenteral nutrition, antibiotic treatment, and surgical removal of the necrotic tissue [17, 18] , which mostly fail to target the primary insult to the pancreas and instead deal with symptoms and complications. Therefore, experimental studies investigating potential treatment strategies that might complement the available therapeutic approaches for this catastrophic disease are of paramount importance.
In this experimental study, the effectiveness of silybin on L-arginine-induced AP was investigated. We found that serum levels of oxidative stress parameters were significantly elevated in the rats with L-arginine-induced AP. When compared to the LA group, the LASL group showed significant improvements in serum oxidative stress parameters only, whereas the SLLA group exhibited these improvements in both histopathological and serum oxidative parameters.
Although the pathogenesis of AP has yet to be fully explained, the involvement of oxidative stress is quite obvious [6, 19] . Unstable reactive nitrogen species (RNS) and ROS are inclined to reaction with essential cellular components. Glutathione (GSH) is the primary cellular ROS scavenger in the pancreas. The thiol group in the cysteine moiety of GSH is its reducing capability. The pancreatic concentration of GSH is the fourth largest concentration among all visceral organs [20] . Although GSH has the major cellular antioxidant capacity in the pancreas, there are also other cellular antioxidants in the pancreas [19] . Elimination of ROS in general, and of ROS in the peroxide family (ROOH) in particular, happens through the actions of an enzyme containing selenium -GSH peroxidase (GPx). GPx causes a facilitated process of peroxide reduction into water or related alcohols via oxidation of GSH [19] . Reduced activity and/or expression of enzymes with antioxidant effects adds to the oxidative stress in pancreatitis. The levels of pancreatic GPx were reported to show significant alterations in different experimental AP and CP models [21] . Induction of AP by administration of arginine was shown to cause a reduction in pancreatic GPx activity [22] . Patients with AP were reported to exhibit reduced red blood cell GPx activity [23] . In addition, patients with severe AP had lower serum GPx activity than patients with mild AP, which suggests a correlation between GPx activity and severity of disease [24] .
Oxidative stress shows a self-amplifying property, which is due to the recruitment of ROS-producing inflammatory cells to the pancreas. These recruited cells cause further insult to the pancreas as they put an extra oxidative burden on the glands through a respiratory burst [19] . Mitogen-activated protein kinase (MAPK) and nuclear factor kappa B (NFKB), which control a number functions related to cytoskeletal regulation, transcription factor activation, apoptosis, differentiation, proliferation, growth and inflammation, are sensitive to oxidative stress. MAPK and NFKB are present in pancreatic exocrine cells [19, 25] . ROS initiate the activation of MAPK and regulate NFKB, an effective proinflammatory transcription factor [19] . L-arginine is an essential amino acid that was previously used to induce severe necrotizing AP in rats. Tani et al. reported that i.p. injection of L-arginine induced acute necrotizing pancreatitis in a rat model [12] . L-arginine creates free oxygen radicals (FOR) and exerts effects on microcirculation, whereby it damages the pancreas. [26] .
Silybin exerts effects generally through its antioxidant and anti-inflammatory properties. Its antioxidant properties were shown in all of the cells that were previously investigated. It shows antioxidant effects by inhibiting formation of radicals, scavenging free radicals, hampering lipid peroxidation of membranes (thereby controlling membrane permeability), and causing an increased intracellular content of scavenger [27] . In broad terms, silymarin and silybin interfere with the transduction cascade controlled by NFKB, an inducible and abundantly expressed DNA-binding protein acting as a transcription factor for genes engaged in cell survival, differentiation, inflammation, and growth [28] .
In the present study, histopathological evaluations revealed significant improvements in inflammation and necrosis scores in the SLLA group, which received early prophylactic treatment, whereas such improvements were limited to edema scores in the LASL group. Similarly, a previous study in a rat model of L-arginine-induced AP demonstrated distant organ improvements in the lungs as well as pancreatic improvements following early antioxidant treatment. It is likely that these results arise from the recruitment of inflammatory cells and less strong induction of NFKB as a result of reduced self-amplifying effects of ROS in the presence of strong antioxidants at the outset of the inflammation.
Severe AP, characterized by persistent organ failure that fails to resolve within 48 h and/or death, represents 15-20% of the cases [5, 29] . Pancreatic necrosis is a serious condition that can cause local and systemic complications [5, 29] . Polyunsaturated fatty acids, which are abundantly present in the mitochondrial membrane as well as in the plasma membrane, are easily targeted by ROS/RNS. A reaction between these acids and ROS (especially hydroxyl free radicals) causes lipid peroxide formation, resulting in membrane disintegration and pancreatic necrosis [7] . In the present study, silybin was shown to cause significant improvements in pancreatic necrosis scores in the SLLA group compared to the LA group (p=0.006).
AP is most commonly caused by gallstones and alcohol [30] . It is the most frequently observed complication of endoscopic retrograde cholangiopancreatography (ERCP), which was reported to occur in 5-10% of the cases and in 20-40% of certain high-risk procedures [31] . Numerous pharmacological drug trials were undertaken in an effort to prevent this complication, but they mostly failed to give the desired results [32] . In this respect, the drugs with the most promising results in weakening the inflammatory response of AP are the non-steroidal anti-inflammatory drugs (NSAIDs) [33] . Rectal NSAIDs have considerable potential to prevent post-ERCP pancreatitis; however, they fail to show the same potential to prevent the development of severe post-ERCP pancreatitis [31] . In the present study, the greatest improvements in oxidative stress and histopathological parameters were observed in the prophylaxis group, suggesting that prophylactic administration of silybin could be helpful in avoiding post-ERCP pancreatitis, which remains a serious complication today.
AP is a multi-system disease that can involve not only pancreas but also liver, lungs, and kidneys, with serious potential to cause distant organ dysfunction and death [34, 35] . The liver assumes pivotal importance in metabolic homeostasis and clearance of toxic substances and is involved in the systemic response to critical illnesses [36] . In a caerulein-induced AP model, Esresfoglu et al. demonstrated the restrictive power the antioxidant agents exerted over pancreatic and hepatic damage through tissue antioxidant enzyme activities [35] . Silybin, which was experimentally and clinically shown to be effective in hepatic diseases, is likely to be as effective as other antioxidants in hepatic damage caused by AP [9] [10] [11] .
AP was previously reported to interfere with the endocrine functions of the pancreas [37] . On the other hand, silybin was shown in animal and human studies to exert positive effects on these functions [38, 39] . These studies demonstrated the significant effects of silybin on plasma glucose and triglyceride levels, with a trend toward reduced levels of hemoglobin A1c.
Conclusions
Silybin treatment ameliorated increased oxidative stress in an experimental AP model in this study. Prophylactic administration of silybin, on the other hand, ameliorated both histopathological and oxidative stress parameters. Available therapeutic approaches targeting oxidative stress, a critical pathogenic factor, fail to produce the desired results in acute inflammation of the pancreas. Therefore, there is a need to try new agents. The present study shows that silybin, which has both antioxidant and anti-inflammatory properties and can safely be used in hepatic diseases, can be a helpful clinical agent in AP. However, further studies are required to confirm the findings of this study.
